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Recent **Fe(e,e’) daia at momentum transler J§] = 1.11 GeV displays behavior
which is qualitatively different from that of lower momentum transfers. An explanation
of this difference is offered Lased on an analysis of Lhe longitudinal response in nuclear
matter. An ansatlz is made for the momentum dependence of the nucleon scll-encrgy
functions in the nuclear medinmn which suppresses medium effects [or momenia above
the nucleon mass scale. This suppression is shown lo improve the agreement with
the high momentum itransfer data, and offers a molivation for further experimental
investigation in the momentum transfer region between 0.5 and 1.0 GeV,
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The essential characteristics of e fongitudinal response obtained from the
recenl Stanford Linear Accelerator Coenter (SLACY data[1] Tor " Fe(e,e’) at a
momentim Lransfer of 1.1 GeV appear to be reproduced by the free relativistic
Fermi gas model[2], while the longitudinal response extracted from datald] for
M Fe(e,e’) al 0.55 GeVois helter deseribed by mean field theory {(MF'T) in muclear
nealler[4). For comparison, in Fig. | a representative sample of both data sels is
shown along with the caleulated respanse curves for the free Fermi gas (dotled
line) and MFT in nuelear 7 {solid Hne). These two models are iinmiting
rases with respecl Lo the treatment of the medinm. Thal is, no medinm effects
are included in the free Fermni gas, while in nuclear matter the effect of the
ntedinn is consianl Lhroughout space. The fact thal the data approaches the
Fermi gas and nuclear matier descriptions al high and low momentumn transfer
respectively, implics that there is a nel lg| {momentum transfer) dependence
present in the influence of the medium on Lhe longitudinal response. ‘The goals
of the present investigation are to demonstrate that the qualitative difference
hetween the micasured longitudinal response al (.55 GeV oand that al 1.14 GeV
suggesls a suppression of medivm effects in Lhe higher inomentum transfer data,

and Lo identily a seale al which this suppression shoukl become apparent.

‘There is in general a characteristic length associated with a momeninm de-
pendence. Here a scale A s naively introduced for Lhe momentum dependence of
the nucleon sell-energy in matter, Z(k). This dependence is chosen Lo suppress
medinm effects for momenta Ik] greater than A: for simplicity a step-funclion
dependence is asswmed. The value of A is then adjusted to give qualitalive
agreement with both the low and high momentam transfer data for the longitu-
dinal response, and is thereby canstrained to lie approximaltely belween 0.8 and
0.9GeV. The dynamical origin of this suppression is not clear. Although oxisting
caleniations of the nucicon self-encrgy in nuclear waller including correlations|[5}
show indications of a decrease in the sell-energy willi increasing momentim, the
slope i small and the caleulations are inconclusive al tho 1.0 GeV scale. It can
also be specnlated hased on recent. developments in the description of the interac-
Lion between composite hadrons that such an cffect. couled arise from an underlying
quark substructure{6). The employed step function is vi - -l ag a crude way of
incorporaling a momentum seale al which a qualitative change in the behavior
of the sell-energy can be eflecied, thus interpolating between the Fermi gas and
MET description of the medinm as a fanelion of momentum transfler, and is not,
intended to reflecl a particular dynamical mechanism. Momentum dependent
sell-energy functions liave been used previously([7) in a similar context Lo inves-
Ligale the role of final-state inkeractions with the nuclear matter medium, bul,
have not heen applied Lo the large momentum transfer data which js presently of

inlerest.,

Caleubations of tolal (e,c') cross sections based on MFT in nuclear matter
yield good fits to the dala in the vicinily of the quasielastic peak al the lower
momentim Lransfcrs[& 9], however the separated longitudinal and transverse
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Figure 1'The longitudinal response for *$Fe at momentum transfers (a)
la] = 1.14 GeV (data without Coulomb corrections from Ref.[1]) and (b)
lgi = 0.55 GeV (data from Rel[3]) is plotled as a function of encrgy trans-
fer, w. Calculalions arc shown for the free relativistic Fermi gas model
(dotted line) and mean fickd theory in nuclear matter (solid line).



response funcilions olter only qualitative agreement. In parlicular, the ML cal-
culation of the longitudinal response in nuclear maller, when applied o data,
consistently overestunates the energy transfer region above the quasielastic peak,
but reproduces the dala below the peak reasonably well. ‘This hbehavior 1s still
evident in the present calculations. The nuclear malter description is neverthe-
less sullicienl for the investigation of the gualitative features to be discussed here.
The benefil of using a simple model is that the observed eflects can be directly
correlated to changes in the introduced scale. More sophisticated models[10-14]
have recently been applied Lo the description of respouse funcilions at momentuin
transfers near 0.5 GeV. lmprovements to Lhe longitndinal response by comparison
wilh the data have been achieved, for example, Lthrough the study of final-state in-
teraclions[10] and many-body correlation effects[12] based on the nuclear optical
polential[15] approach of Ref.[16], and the relativistic random-phase approxima-
tion{11] to the Walecka model[4]. The application of these more sophisticated
Lreatments Lo the data al a inomentum transfer near 1.0 GeV is clearly needed
Lo corrcborale Lhe preliminary results presented here, however il is expecled that
the conclusions of Llis naive approach will survive.
The longitudinal response in a uniform medium can be writlen as[8, 17]

O(pu—e(p))O(e(p +9q)— p)

xé (w—e(p+q) + e(p)) [Ti + T2 + To{})

% dp
Ri(q,w) = T (2n)? / E(p}eip+44)

where relerence Lo particle type (neulron or proton) has been suppressed. llere
the single-particle eigenenergy ¢ and the energy E are obtained from the Dirac
equation

[ -k 4+ AM + (B - FE5)O(A — k] (K, o) = (KU (K, o), (2)

and for particle stales are given by ¢(k) = X,0(A — |ki) + E(k) and £(k) =
vk + [M - Es0(A — |k]))2 The chemical polential st is given the value of the
single-particle eigenenergy at the Fermi momentum kp. The quantities T, are
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where M(p) = M — X40(A — {p|), and the forin faclors 7 and F; arc oblained
by fitting dipole forms to the free Sachs forin factors G and Gay. For *°Fe,
the sell-energy Tuncitons, s and Y, are given the values 0.35 and 0.29 GeV
respectively, and kg = 0.26 GeV[4]. From Eq.(2), it is evident that the medivm
effects provided by the self-energy funclions are suppressed for solutions with
momentum k| greater than A.

The additional momentum dependence introduced by the step funclion n
Eq.(2) could in general imply the exislence of mediuin modifications in the
pholon-nucleon vertex[18). llowever, without explicit knowledge of Lhe under-
lying dynamics responsible for this additional momenluin dependence, modifi-
calions made Lo the porlions of the vertex that are relevanl to the response
functlions are largely arbitrary. It is well known, for example, thal gauge invari-
ance alone is not a sufficient constraint to uniquely determine the vertex[19]. In
fact, aside lrom the condition provided by Lthe Ward 1dentity al zero momentun,
gauge invariance only restricts the contribution to the vertex that is tongitudi-
nal to the four-momentum transfer, q,, which does not contribute to electron
scaltering. Medium modifications Lo the vertex will therefore not be considered
in the qualitative discussion offered here, but will instead be left for a future
investigation.

In this description of the longitudinal response, the position of the quasielastic
peak is largely dictaled by the argument of the energy-conserving della function in
Eq.(1), and therelore by the single-particle energy eigenvalues. The mmagnitude of
the initial single-particle momentum, |pf, is restricted by the chemical potential to
be less than Lhe Fermi momentum, £p. The magnitude of the final single-pariicle
momentum, [p + q|, is then restricted to lie between |g] — kg and |q} + k. This
allows three qualitatively distinct regions of interest with respecl Lo Lhe scale A
Lo be identified:

1. A< kp,
1. kg < A < |q|— kp, (4)
Hl. lal + kr < A.

I'he successlul application of MFI' to the description of nuclei[20] implies that
values of A in region | are not physically sensible since these would require mod-
tlications of the single-particle energies below the Ferni level. This also excludes
the Tree Ferim gas description, which is obtained Tor A = 0. The MIFT descrip-
tion in nuclear matler is obtained for values of A in region 1L ‘I'here, bolh the
initial and final single-particle energies include the medivm effects provided by
the constant self-energy linctions. For values of A in region U, the juitial energy,
«(p), is that of a particle n the nuclear imatler medimin, while the final encrgy,
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o(pp 1 q), is that of & Free particle. That is, the particle in the linal state does not
inferact with the medinm. Values of A in the region belween o — kg and |q] + ke
produce a family of curves which lie between those of region 11 and region 111,
and represent. asuppression of medinm cflects for single-particle final states with
monentum grealber than A.

The reproduction of the MFT resulls for |q] = .55 GeV requites that A is
in region 1N or grealer than 0.81 GeV. Conversely, for |q] = 1.14 GeV, valucs
of A grealer than |q| — kg are ruled out by the data, which requires that A is
fess than 0.88 GeV. The implication is Lhat any chance of fitting both data scls
requires A Lo be somewhere between 0.8 and 0.9 GeV. Shown in Vig.2 (a) and (b)
are the longitudinal response curves calenlated from Bq.(1) with A = 0.84 GeV,
and jq = .14 and (.55 GeV respectively. Although the fit to the data is not
quantitatively correcl at encrgy transfers above the quasiclastic peak, where it
has been suggested[14) that the reported experimental uncertainties are largely
underestimated, it is now qualitatively Lthe same for hoth the low and ligh mo-
mentnm transfers. We are thereflore lead to conjecture Lhal the itderaction of the
struck particle with the medium is suppressed in Lhe higher momentum transfer
case. This behavior persists in the local density approximation to MEFT for the
finite nucleus where the fit to the dala is improved, for example the position
of the peak more closely coincides with the data; however il is not sufliciently
different, (qualitatively) from the nuclear matter case to warrant reporting here.

At larger momentnm transfers, the longitudinal response is eflfectively describ-
ing charge densily correlalions over small distances. From the preseid analysis it
appears Lhat Lhe medium has Jess eflect. on these short range density correlations
than al lower monrentum transfers where Lhe distances probed are sufficiently
large that Lthe infuence of the medivm on density correlations is significant. Maore
data, and a more sophisticaled treatment are required to make a conclusive state-
ment. Nevertheless, this analysis suggests thal data with momenlom Lransfers
letf above 1.14 GeV should display behavior similar to that at .14 GeV, since
these exceed the seale at which the struck parlicle is influenced by the medinm.
Further, the dala for momentnm transfers belween 0.5 GeV and 1.0 GeV should
thsplay a momentum dependence which is transitional in character; particularly
in the vicinily of the scale A where an enhancement of the response may oceur.

In suninary, the longitndinal response data examined here display a depen-
dence upon the transferred momentum, g, Sucli an eflect has been noted pre-
viously[21] from a purely theoretical basis. In the present investigation, the mo-
mentum dependence is attributed to the influence of the medinm on the particle
i the final state. ‘This was demonstrated here by comparing two calculations of
the longitudinal response, which are limiling cases with respect Lo the inclusion

]

ol edinm cffecls on Lhie particle in the linal state, with response dala al large
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Figure 2: The longitudinal response for 5%Fe at momentum transfers {a)
lq] = 1.14 GeV (dala withoul Coulomb corrections [rons Rel[1]) and (D)
la] = 0.55 GeV (data from Ref.[3]) is plotted as a lunction of energy Lrans-
fer, w. The calculalion shown is for A = 0.84 GeV in the modecl proposed
in the fext.

and intermediale momentwm translers. From this analysis of the data, it is con-
jectured that the medinm effects on the particle in the finai state at a momentum
transfer of 1.14 GeV are suppressed relative Lo those at a momentum transfer at



0.55 GeV. This is consistent with the recent y-scaling analysis[22], where it has
been shown in a nou-relativistic framework that for large mormentum Lransfer
the longitudinal response approaches the resull obtained in the plane wave im-
pulse approximation; indicating a suppression of final state mleraclions. Using a
crude mechanism for suppressing median effects for momenla above a scale A in
the micleon sell-energy, il is estimated here that this suppression should becore
apparent as the momentum transfer approaches A ~ 0.8 - 0.9 GeV.
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